ABSTRACT
Introduction
PI is a research-based pedagogy widely believed to have an influence on the students" conceptual learning in science (Fagen, Crouch and Mazur, 2002) . It is a cooperative type of learning where students have enough time to collaborate in learning (Rao and DiCarlo, 2000; Aina, 2016) . Peer Instruction is an instructional strategy for engaging students during class through a structured questioning process that involves every student (Crouch, Watkins, Fagen and Mazur, 2007) . This instructional approach is different from the traditional cooperative learning because it makes used of the ConcepTest. Conceptest is a short conceptual question posed in a multiple-choice format, on the topic of discussion. The crux of PI is to encourage students to take responsibility for their learning and emphasizes understanding (Gok, 2012) .
Electromagnetism is a branch of Physics in the pre-service teacher education in Nigeria that comprises of current electricity and electrostatics (NCCE, 2008) . Research studies indicate that this aspect of Physics had been difficult for students to learn for many reasons. Jaakkola and Nurmi, (2004) , Electricity is an important and challenging Physics topic at all school levels where students often have many difficulties in learning electricity. According to McDermott and Shaffer (1993) , research studies on electricity revealed that students had difficulties in conceptual understanding. For Urban-Woldron(2013) misconceptions prevent students from getting a firm knowledge of basic concepts in electricity. Engelhart and Beichner (2003) contend that method of instruction does affect students" understanding of concepts in electricity.
Teaching electrostatics is a challenging task due to its complexity and degree of abstraction (Chang, 2007) . The abstract nature of electrostatics constitutes considerable difficulties in teaching the subject (Bonham and Risley, 1999) . Bertrand (2007) believes it is one of the most difficult areas of Physics to learn and to teach because it is highly abstract in nature.
The matter of gender difference in Physics learning is a controversial issue that requires a careful approach. Otherwise, novices can be misled. Nevertheless, some research studies are worthy of consideration in the light of this study. Crouch and Mazur (2001) observed that there is no gender gap in conceptual understanding of introductory Physics among university students taught with interactive pedagogy. According to Gok (2013) , male students performed better than female students in Physics in the area of problem-solving skill.
Purpose of the Study
The principal objective of the study was to investigate the differences in the academic performance of male and female students in electromagnetism in the PI class. Specifically, the study examined the following:
(1) the different between the scores of male and female students in the pretest and posttest; (2) the different between the scores of male and female students in the pretest and posttest; and (3) the different in academic performance of male and female students in the PI class.
Research questions
Three research questions were answered by the study. The questions are listed below. Q1: Is there any gender difference between the pretest and the posttest scores of the pre-service teachers in the control group? Q2: Is there any gender difference between the pretest and the posttest scores of the pre-service teachers in the experimental group? Q3: Is there any gender difference in the academic performance of the pre-service teachers who took part in the PI?
Methodology
The study is a quasi-experimental of pretest-posttest control group design. According to Best and Kahn (1989) , quasi-experimental designs provide control of when and to whom the measurement is applied. Many factors made it impossible for social science researchers to carry out true experiment; however, quasiexperimental designs remain the most widely used design (Ogunniyi, 1992) .
All the threats to internal validity are controlled in the pretest-posttest design (Cohen, Manion, and Morrison, 2007) . Pretest-posttest designs are widely used primarily to compare groups and measuring change resulting from experimental treatments (Dimitrov and Rumrill, 2003) .
Procedure
The experimental group was subjected to eight weeks of lecturing interspersing lecture method with peer instruction. Twenty adopted electromagnetism ConcepTests from Peer Instruction User"s Manual by Mazur (1997) were utilized for the lectures. The pre-service teachers in this group attended two hours lecture every week. The teacher introduces a ConcepTest using a projector and gives two minutes for the students to think about the concepts. After two minutes, students responded to the ConcepTest by flashcards. When the percentage of the correct answer is more than 70%, the teacher gives a brief summary of the ConcepTest and move to another ConcepTest.
When the percentage of the correct answer is less than 70%, the students go into different groups to discuss the answer with their peers. The students are given time to argue out the correct answer in each group. The teacher moves around the class to observe and listen to the students as they argued among themselves. The teacher concludes the argument session with an explanation on the ConcepTest as the case demand. The time for this session was 30 minutes. Sample A purposive sampling of fifty-two pre-service teachers who enrolled as Physics students at the Jireh College of Education was sampled. The purposive sample is homogeneous regarding some internal and external factors such as academic background (all have at least a West African Secondary School Certificate in Physics). The rationale for this sampling was that these students were in their introductory level of electromagnetism.
Research Instrument
In other to generate data for this study, the instrument used in the study was Electromagnetism Physics Assessment (EPA). EPA was made up of conceptual questions and few problem-solving skills questions.
Reliability and Validity
The reliability of an empirically designed instrument can be defined by the degree to which the collected data can be interpreted consistently across different situations. It may be subjected to various methods such as test-retest and inter-scorer reliability. Before the instrument was administered the inter-scorer method was used whereby raters scored items on a scale of 1 to 5. This study used inter-scorers reliability which measured the degree of agreement between two or more scorers, judges or raters. Any item scoring an average of 3 or less was discarded. The reliability statistics of the instrument was calculated using SPSS software to get the Cronbach"s alpha to be 0.876, according to Pallant (2011), Cronbach"s alpha above 0.7 is reliable.
In other to ensure the reliability and validity of the instruments, a pilot study was carried out using preservice Physics teachers in another school different from the participating school. It was done before the commencement of the intervention to assess the validity and appropriate use of the instruments. The EPA was also submitted to a Physics lecturer at a Nigerian University for a thorough scrutinizing before administering it to the students.
Data Analysis
The statistical analyses found appropriate for this study are Analysis of Variance (ANOVA), t-test and descriptive statistics analysis. The t-test is a suitable method for comparing the values of some continuous variable for two groups or on two occasions (Pallant, 2011) . Descriptive statistical analyses are used for organizing and describing the characteristics of educational variables in concise and meaningful quantifiable terms (Daramola, 2006) .
Ethical Considerations
Before the start of this study, written permission was obtained from each of the participants. The participants took part in the research voluntarily. When the research begins, the participants were made aware as to when, where and how the research will be conducted. The researcher ensured no harm or injury of any form comes to any of the participants as a result of the study.
The dignity and integrity of the participants are necessary and was not violated. Anonymity and confidentiality were respected. For anonymity purpose, the real name of the sampled college was replaced with Jireh College of Education throughout the study
The researcher conducted the research in such a way that there was no favouritism and bias. The researcher granted any participant freedom to withdraw from the research at any stage if he or she feels the need to do so. The researcher ensured a comfortable and conducive atmosphere was maintained for the participants during the research.
Results and Discussion
Research Question 1: Is there any gender difference between the pretest and the posttest scores of the pre-service teachers in the control group?
The interaction effect is not significant because the significant value of 0.306 is higher than the probability value of .05 as seen in Table 1 .This implies students" scores in the pretest has no effect on the scores in the posttest. The main effect is also not significant with a significant value of 0.864 higher than the probability value of .05. This implies the change in students" score due to gender is not significant. Table 2 indicates there was no significant effect of sex on the students" score with the significant value of 0.953 higher than the probability value of 0.05.
Research Question 2:
Is there any gender difference between the pretest and the posttest scores of the preservice teacher in the experimental group?
The interaction effect according to the Table 3 was not significant with the value of 0.057 slightly higher than the probability value of 0.05. The main effect is not significant with 0.135, greater than the 0.05 Table 4 shows a significant effect of sex on the students" scores with the significant value of 0.045, less than the probability value of 0.05. This implies that gender has an influence on the use of PI in electromagnetism class.
Research Question 3:
Is there any gender difference in the academic performance of the pre-service teachers who took part in the PI? Table 5 shows the percentage scores of male and female in electromagnetism in the EPA after the intervention. Figure 2 shows the scores distribution among the students based on gender. The lowest mark recorded in electromagnetism was among both male and female students. However, the number of students with the highest score was recorded among the male students as revealed by figure 2. Table 6 shows non-violation of the assumption of equal variance because the significant value of 0.970 is greater than the probability value of 0.05. The t-test for the equality of mean value has 0.030 (2-tailed) which is less than the probability value of 0.05: this implies that there is a significant difference between the male and female students who attended the PI class. The calculated eta square of 0.18 (18%) indicates that the effect size is large. Table 7 indicates that male students are better academically in current electricity than the female students. The general analysis indicates a significant difference between the male and female academic performance in electromagnetism. The mean difference in students" academic performance in electricity, an aspect of electromagnetism shows a wide gap in performance. The gap is very wide in questions eight and nine, female student scores zero, and the male students had mean scores of 2.7 and 8.0 respectively. The table also shows that male students were better academically in electrostatics than the female students.
Analysis of conceptual question from the Table 8 indicates that male is superior in academic performance to the female students. Female students scored zero in three conceptual questions. The analysis is further explained by the figure 3.
Male student shows superiority over female students in the problem-solving skill questions as shown in Table 8 . This outcome is consistent with Gok (2012) that male student is better in academic performance in problem-solving skill in Physics than the female student.
Discussion
Hazari and Potvin (2005) explained that female students do not show interest in physical science,especially Physics. Interest is important in learning; once a student lost interest in a subject, he/she may no longer do well in such subject. Aina and Adedo (2013) have once attributed low enrolment in science subject like Physics to lack of interest. Research also suggests the rate of attrition in Physics is higher among female students (Hazari, Tai, and Sadler, 2007) . The outcome of this study is consistent with Stephen (2010) that male students are proved through research to have a higher manipulative ability than their female counterparts (p.155). The study indicates a wide gap in academic performance between male and female students who participated in the PI intervention. This is evidence of a large size effect of calculated eta square. This outcome is relevant to Gok (2014) that teaching with interactive strategies increases the comprehension of both genders but that more study is required on the gender differences in Physics education.
Because of the lack of interest students shun sciences particularly Physics when given an option, and this especially applies to girls (Olufunke, 2012) .Opinion differs as regards to male and female performance in Physics. However, there are studies with evidence of differences in enrollment and performance in Physics between male and female (Hazari and Potvin, 2005; Semola, 2010; Greeberg, 2006) .The present study is consistent with volumes of studies as regards the superiority of male students to female in academic performance in Physics. However, the causes of this difference are more germane at this point.
Some of the reasons the female students were behind male students in academic performance in Physics as indicated by research studies are interest, academic self-concept, attitude, and socio-cultural.
Research abounds that students do better on any subject they show interest. Many female students have not been showing good interest in learning science including Physics in schools today. These students enrolled for Physics because it is a requirement that must be satisfied before graduating in other courses. According to Garwin and Ramsier (2003) , interests in learning Physics is decreasing among students in higher school and subsequently result in low achievement in the subject. Olufunke contended that students" interest would determine what they can learn and how well they may learn. According to this author, interest also determines how well a student can apply what he or she has learned. Thus, Taale (2013) suggests that Physics teachers should make Physics interesting to the students using a variety of teaching and learning strategies.
Agbaje and Alake (2014) in their study on "The student variables as a predictor of secondary school students" academic achievement in science subjects" concluded that students" interest is vital to learning. Agbaje and Alake concurred that students" interest and attitude are crucial to academic performance in Physics.
Due to lack of interest in Physics by many female students,they, therefore, show negative attitudes to the subject. Negative attitude to Physics by female students has resulted in the poor academic performance of the students (Thomas and Israel, 2013). Teachers alike demonstrated negative attitudes toward the female students having the notion they do not have the ability to study Physics. Whyte (1986) explain that some teachers have the attitude that a girl-child cannot do well in mathematics and the abstract nature of Physics is well beyond them. Victoria (2011) faulted the teacher for failing to inculcate in the female learners the critical thinking to make studying Physics easy.
Research has shown that students" interest will make them study and learn Physics better and, choose to study Physics as a course at the higher level of education (Lavonen, Byman, Juuti, Meisalo, & Uitto, 2005). The study conducted by Lavonen et al., on pupil interest in Physics in Finland, indicates that girls" interest in Physics is lower than that of the male. This study is consistent with Hoffmann"s (2002) that male students have an interest in Physics lessons than their female counterparts.
Physics is traditionally regarded is male subject. Limprecht, Janko & Gläser-Zikuda (2013) cited Milhoffer (2000) that female students rate their abilities and performance on a lower level compared to male students. Wodzinski (2007) Physics teacher instruction is predominantly related to the learning demands of boys which probably caused the girls to feel rather insecure in Physics lessons and fear Physics as a subject. According to Limprecht, Janko & Gläser-Zikuda, this may have impacted the girls to underestimate their learning achievement in Physics. To Lupart, Cannon, &Telfer (2004) , the girls have a tendency to underestimate their competencies.
Hoffmann asserted that girls grow old and find Physics as a school subject to be less and less attractive.
The author observed that research shows that Germany girls get less support and encouragement from their parents to work in the areas of Physics.
Self-concept is an educational construct that is critical to students" success in any subject. Self-concept is the perception a student has about his or herself. The moment a student has the perception that he cannot succeed in any subject based on any reason best known to him or her it may be difficult to change such student. Clarke (2005) argued that how a student perceives his or her ability can hinder or enhance his/her learning experience. According to Dupe (2013) , the way a learner feel about his/her abilities may impact his/her academic performance. Another educational construct is self-efficacy. Bandura (1986) , a proponent of social learning theory describes self-efficacy as the set of beliefs a person holds regarding his or her capabilities to produce desired outcomes and influence events that affect his or her life. Kpolovie, Joe, and Okoto (2014) asserts that many of the factors that influence students learning might include self-efficacy, students" attitude towards school, interest in learning, and study habit.
Many of the female students in Physics have a low self-efficacy because they lacked self-concept. Dupe views the academic concept as an individual"s perception of self-efficacy in a subject. A female student with high self-efficacy will persist in her study even in the face of learning difficulties. A female student who has low self-efficacy will not be willing to go the extra mile in his or Physics learning. Beside self-efficacy, socio-cultural issues are another strong factor that inhibits female academic performance in Physics. Aina (2014) explains that some of the causes of poor performance among female Physics students in Nigeria are religion and early marriage. In Nigeria, a particular religion prohibits formal education for female children: any female who defies this religion prohibition does that at her risk. Many of these female students are always psychologically imbalance because of fear. Norton and Tomal (2009) reported that religion adversely affects female education. Due to early marriage in some part of the Nigeria, it is very common to see a female student in Physics class nursing a child. The researcher had witnessed students in Physics class nursing children, and this is worrisome because such students always dropped out of Physics class as a result of poor academic performance. These students already had divided attention to learning and their babies. There is the burden of child rearing and that of reading about a girl who has put to bed while in school. International Labour Organization [ILO] put it this way:
Women and girls often spend significantly more time on household chores and caring duties, such as child-rearing or attending to the sick, than do their male counterparts. The obligation to undertake household chores inevitably limits the time available for education and other activities (p.20).
Therefore, it should not be strange to anyone if male students are academically better than the female students in Physics. Therefore, the present study indicates that there was a significant difference between male and female students" academic performance in Physics and the size effect was large.
Summary of the Findings
An Analysis of Variance was performed for both the control and experimental groups. Both the interaction effect and main effects were not statistically significant. An independent-samples t-test was also conducted to compare the academic performance of male and female students. There was a significant difference in scores for males (M = 38.40, SD = 12.25) and females (M = 27.27, SD = 11.91; t (24) = 2.31, p = 0.03, two-tailed). The magnitude of the differences in the means (mean difference = 11.13, 95% CI: 1.20 to 21.05) was large (eta squared = .18).
Given the results of the different analysis, a significant difference exists between the male and female students academic performance after the PI intervention. The finding indicates there was no difference in the academic performance of the pre-service teachers who did not participate in the PI. Besides, there was a significant difference between male and the female academic performance after the PI intervention with a large size effect. The male student shows superiority over the female students in current electricity and electrostatics. The finding also indicates that male students were better than female students in both the conceptual and problem-solving skills in electromagnetism.
The following conclusion was reached. 1. There was no gender influence on the academic performance of the pre-service teachers who did not participate in the PI 2. A significant difference exist between male and female academic performance in electromagnetism 3. Male pre-service teachers are academically better than their female counterparts in both current electricity and electrostatics and 4. Male pre-service teachers are academically superior to the female pre-service teachers both in the conceptual Physics and problem-solving skill in Physics.
The Implications of the Study
The study had a paradigm of interactive engagement where both male and female students were grouped together for learning purpose. Naturally, female students are very reserved when it comes to interaction. Most female students preferred interacting with students of the same gender. During this study, male students were more active in the group discussion irrespective of the number of male in the group.However, the female students were more active in any group where there are more female students throughout the study. Finding reveals that there was no significant different in academic performance based on gender in the student at control group. Thus, the difference existing based on the gender in the experimental group was likely due to the process of PI due to the students" interaction. The implication is that for the success of the PI in science class, grouping should be done according to gender. This could help the female students to be more active during learning and assist them to interact well. 
